Thirty-six crossbred gilts 10 months of age were bred and assigned to dietary magnesium levels of 400 or 900 ppm. At parturition the levels were modified to 150 and 650 ppm. During lactation phosphorus levels of .30 or .54% were fed within each magnesium level. Magnesium levels did not influence the number or weight of pigs at birth or weaning. Sows fed the high level of magnesium (650 ppm) maintained equilibrium in magnesium balance (corrected for losses in feces, urine and milk) while sows on low magnesium evidenced a severe negative balance. The sows were in negative balance on most treatments for calcium, phosphorus and potassium. The magnesium in serum, ribs and turbinates was lower after a 36-day lactation in sows fed the low level of magnesium.
INTRODUCTION
The magnesium requirement for young pigs is estimated to be no more than 400 ppm (Mayo et al., 1959; Miller et al., 1965a,b,c) .
Feeding levels suggested for older pigs are based on extrapolations from research conducted with young pigs (A.R.C., 1967) . Such calculations are less appropriate for sows during gestation and lactation since the needs for maintenance and growth must be coupled with those attributed directly to reproduction. The products of conception at term for an average litter would contain approximately 3.1 g of magnesium (Hansard, 1965 ). Sow's milk contains an average of .02% magnesium (SalmonLegagneur, 1959) . Thus, with a total milk production of 100 kg in a 35-day lactation a sow would expend about 20 g of magnesium.
1 Ralston Purina, Checkerboard Square, St. Louis, Mo. 63188. 860 Reproductive performance in rats fed 100 ppm of magnesium was suboptimal (Zoumas and Baron, 1969) . A deficient level of magnesium for sows has not been defined. The present study was designed to determine the need for magnesium during gestation and lactation in relation to the dietary level established for young pigs (N. R.C., 1973) and to observe the relationship of magnesium and phosphorus in the lactating sow.
EXPERIMENTAL PROCEDURE
Crossbred gilts approximately 10 months of age were assigned as bred to outcome groups, from which individuals were randomly assigned to the two dietary treatments. The 36 gilts were housed during gestation in an environmentally modified building in individual stalls measuring one-half by two meters. They were fed 1.8 kg daily of diets (table 1) containing either 400 or 900 ppm magnesium. Throughout lactation sows were fed up to 3.9 kg daily of diets (table  1) containing 150 or 650 ppm magnesium with .30 or .54% phosphorus in a factorial arrangement of treatments. Sows fed diets with 400 and 900 ppm Mg during gestation were fed 150 and 650 ppm, respectively, during lactation. Gestation diets contained in excess of .25% potassium. However, the lactation diets contained only approximately .04% potassium, since isolated soy protein was substituted for milk. They were formulated to contain 16% protein. No creep was provided although the pigs could obtain feed from the sow feeder.
Calcium, phosphorus, magnesium and potassium balance of the sows were measured in 4-day collection periods during the 20 to 24th and 32 to 36th days of lactation.
Mineral balance was determined by deducting the fecal, urinary and milk mineral losses from the intake of the mineral, dividing by the intake and converting the values to percents.
Milk production was measured on the 22nd and 34th days of lactation and the composition JOURNAL OF ANIMAL SCIENCE, Vol. 42, No. 4 of milk was determined on samples collected 1 day later 9 The procedures used for conducting a balance trial with nursing sows, measuring milk production and sampling milk have been described previously (Harmon et al., 1974) . Pigs were weaned at 36 days and within 72 hr the sows were bled and killed and turbinates, ribs and kidneys were removed for analyses. Mineral analyses were made on diet, feces, urine, milk, bone and kidneys 9 An analysis of variance of the factorially-arranged treatments was calculated for each criterion.
R ESU LTS
Differences in dietary magnesium during gestation (400 vs 900 ppm) had no effect (P<.05) on gain, number of piglets farrowed live and total or litter birth weight of live and total pigs (table 2). Similarly the feeding of 150 or 650 ppm magnesium during lactation did not affect (P<.05) number of pigs weaned or litter weight and gain to 28 or 36 days (table 3) .
Sow weight loss during lactation was not affected (P<.05) by treatment but the loss was greater for all sows than for similar animals in tests reported previously (Harmon et al,, 1975) .
The excessive loss of weight may have resulted from decrease in feed intake because of the low potassium level. Milk production was not influenced by treatment but decreased (P<.01) markedly from the first (23rd day) to the second (35th day) measurement (table 3). The concentration of calcium, phosphorus, magnesium and potassium in milk did not vary significantly among treatments. However, ash, calcium, phosphorus and magnesium concentrations increased (P<.01) from the first to the second measurement while potassium concentration decreased during the progression of lactation.
Serum magnesium levels determined on blood samples from the sows at weaning (36 days) were higher (P<.01) from sows fed 650 ppm magnesium than those fed 150 ppm (table  4) . Serum calcium, phosphorus and potassium were not significantly affected by dietary treatment although serum phosphorus approached significance (P<.05).
Kidney ash, calcium, phosphorus, magnesium and potassium contents were not significantly affected by diet.
The level of magnesium in the diet did significantly influence the magnesium (P<.01) content of turbinate and 10th rib bones. The other minerals were not affected by the dietary treatments. Ash, magnesium, calcium and phosphorus values were all greater for rib than for turbinate bones. The magnesium content was approximately three times as great in ribs as in turbinates.
The dietary level of magnesium influenced (P<.01) magnesium digestibility, retention and total balance of lactating sows (table 5). The sows fed the low level of magnesium (150 ppm) experienced severe magnesium losses. During the first collection period phosphorus level significantly (P<.05) affected fecal and urinary losses of magnesium.
The digestibility of phosphorus was greater (P<.05) at the higher dietary level, but differences in retention or balance were not significant. Calcium utilization was not influenced by dietary magnesium but did increase significantly in the second collection as dietary phosphorus was increased. There was no observable effect of the dietary magnesium or phos- phorus on potassium utilization. Although potassium digestibility and retention remained positive the balance was extremely negative. The high weight loss by sows in all treatments during lactation may have resulted from the negative potassium balance. Because of poor physical condition 11 of the 36 sows were sacrificed at the diagnostic laboratory while the remaining sows were slaughtered in an abattoir. The 11 sows were spread throughout the four treatments.
Discussion
The level of magnesium recommended (N.R.C., 1973) for the young pig (400 ppm) was adequate for sows during gestation. A calculated requirement of 160 ppm has been proposed for pigs in excess of 90 kg (A.R.C., 1967), and our low-magnesium diet contained 150 ppm. The 400 to 150 ppm dietary magnesium sequence supported pig performance and milk production equal to the 900 to 650 ppm sequence. Working with rats Wang et al. (1971) observed a high incidence of still births and over 90% mortality during the first week of life when dams were fed a low magnesium diet (80 ppm) during gestation and lactation. Lufts and Greenberg (1938) reported normal offspring at birth but failure in lactation when the dams were fed 50 ppm magnesium.
The magnesium concentrations of serum, turbinate and rib were significantly influenced by diet. Kidneys were not significantly affected.
Phosphorus level (.30 vs .54%) during lactation did not significantly affect tissue changes. In chicks, however, the magnesium requirement is increased when dietary phosphorus is elevated (Nugara and Edwards, 1963) . The spread between levels of dietary phosphorus we used may not have been sufficient to demonstrate a similar response in swine. [20] [21] [22] [23] [24] aTotal of 36 sows.
*Differences between magnesium levels significant (P<.05).
* * Differences between magnesium levels significant (P<.01).
***Differences
between phosphorus levels significant (P<.05).
* * * * Differences between phosphorus levels significant (P<.O 1 ).
The dietary treatments affected mineral balances. Magnesium digestibility was greatly enhanced as the dietary level increased. The increase in apparent digestibility could reflect the endogenous magnesium loss. A more likely explanation is that the magnesium of magnesium carbonate was more readily available than that from the other dietary ingredients (Cook, 1973) . Metallic cations in isolated soy protein have lower biological availability than those in casein (Hendricks et al., 1970) . Dietary phosphorus significantly (P<.05) affected magnesium digestibility from the low magnesium diet, and retention from both diets. Sows fed 150 ppm magnesium had extremely negative magnesium balance, while the sows fed the additional magnesium (650 ppm) had slightly negative and positive balances, respectively, on the .30 and .54% phosphorus diets. The interaction between dietary phosphorus and magnesium was not significant (P<.05).
Phosphorus digestibility and balance were greater (P<.01) when the higher level of phosphorus was fed (.54 vs .30%). We had shown that sows fed .55% phosphorus would remain in positive phosphorus balance during lactation (Harmon et al., 1975) . All sows fed the low level of phosphorus (.30%) in the present study remained in negative phosphorus balance; this also occurred in lactating sows fed a corn-soybean meal diet containing .31% phosphorus (Harmon et al., 1974) .
Dietary magnesium did not affect (P<.05) phosphorus or calcium balance. However, the overall balance for each of these minerals was negative in most treatment groups. The magnitude of the negative balance was much greater during the first collection when milk production was also greatest, as compared to the second collection period.
Potassium was highly digestible, and retention exceeded 70% in all treatments. Forbes (1966) reported a depletion in the potassium concentration of numerous tissues of rats fed diets deficient in magnesium. The potassium balance values were variable and extremely negative. The magnitude was much greater during the first as compared with the second collection period. Dietary potassium was only .04% while a .3% level is suggested as adequate (Bryushinin, 1958) . Potassium was the only mineral that was reduced in concentration in milk in the second vs the first collection. The severe reduction in milk production by the end of the lactation may have resulted from a potassium deficiency. The weight loss experienced by the sows was far greater than normally observed. However, feed intake was lower than normally observed in lactating sows. Cox et al. (1966) had observed weight loss in ad libitum-fed pigs receiving diets deficient in potassium.
